Expression of mRNAs encoding subunits of the N-methyl-D-aspartate receptor in cultured cortical neurons.
The expression of mRNAs encoding subunits of the N-methyl-D-aspartate (NMDA) receptor was examined in cortical neurons maintained in primary culture. Cultures were prepared from embryonic day 17 rat neocortex. At this developmental age, levels of NR1, NR2A, NR2B, and NR2C mRNA were low or undetectable. Expression of NR1 mRNA increased progressively between days 1 and 21 in vitro. The amount of NR2A mRNA did not change between days 1 and 7 but increased between days 7 and 21. In contrast, levels of NR2B mRNA increased between days 1 and 7, with little further change after day 7. The level of NR2B mRNA was approximately 4-fold higher than that of NR2A mRNA in 21-day cultures. Using ligand binding assays, the proportion of NMDA receptors having a low affinity for ifenprodil was also found to increase over time in culture. The increase in the expression of receptors having a low affinity for ifenprodil and the increase in NR1 and NR2A mRNAs were reduced or prevented by maintaining cells in medium with a low concentration of serum. The results are consistent with the hypothesis that inclusion of the NR2A subunit in native NMDA receptors is responsible for their low affinity for ifenprodil. Splice variants of NR1 lacking the 5' (amino-terminal) insert were found to be the predominant forms of NR1 in cultured neurons. Variants containing the 5' insert represented only a small (< or = 5%) fraction of total NR1 mRNA, and their proportion was not altered as a function of time in culture. Time-dependent changes in the properties of NMDA receptors and in the expression of subunit mRNA occurring in cultured neurons are similar to changes observed in developing rat brain. Thus, the developmental sequence of NMDA receptor expression that occurs in vivo is partially retained in neurons maintained in vitro.